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Introduction
Over the last years, surface plasmon-based devices are of growing interest for their potential applications in high sensitivity sensing [1, 2] , improved light sources [3] or in integrated optics devices [4] . Amongst different plasmonic systems such as metallic nano-particles or aperture arrays, metallic gratings are very efficient for coupling radiative light to surface plasmon polaritons (SSP) [2, [5] [6] [7] .
In the case of sub-wavelength grooves gratings, the coupling into cavity modes inside the grooves allows to realCorrespondence to: jochen.fick@grenoble.cnrs.fr ize very strong electromagnetic fields enhancement [8] [9] [10] [11] [12] . This effect is reinforced by the absence of the low energy cut-off for fundamental plasmon mode propagation in the one dimensional structure [13] . The grating parameters allow to adjust the wavelength and width of the plasmon resonances to the aimed application, such as coupling to luminescent materials.
The plasmon resonances can be experimentally studied by optical far field methods such as angle resolved reflectivity measurements [14] [15] [16] . This technique allows straightforward determination of the the cavity modes and Sub-wavelength metallic reflection and transmission gratings were theoretically studied using different approaches such as modal approaches with surface impedance boundary conditions [17] [18] [19] [20] or exact solutions [21] [22] [23] [24] , transfer matrix approaches [22, 25] , finite-difference time domain methods [26] or exact electromagnetic theory [27] .
In this paper a straightforward modal model will be used for analysing our experimental data. It will be shown that even if some of its approximations become critical, it is sufficient for data exploitation.
Experimental

Optical set-up
The experimental set-up used for angle-resolved reflectivity measurements is shown on Fig. 1 . It is based on a θ/2θ goniometer and a double beam, double monochromator spectrophotometer (Perkin Elmer Lambda 900). The two modules are linked by two multimode optical fibers. The output of the first fiber is imaged onto the sample by an optical system consisting of a two lens telescope, an iris, and a Glan-Taylor polarization prism. All measurements were made in TM (or p) polarisation. In the present case, the size σ of the Gaussian beam and the aperture angle α were chosen to σ = 400µm and α = 4
• . For small grat- 
Sample fabrication
Metal gratings with period d, groove height h and width w ( Fig. 2) were fabricated by standard electron beam lithography [19] . A SiO 2 layer was first thermally grown on a silicon wafer. After deposition of an electronegative resist, the gratings were directly written by e-beam. The irradiated resist and the SiO 2 beneath were etched away.
The resulting structured surface was metallised by thermal evaporation of a 60 -100 nm thick gold or aluminium layer.
In this paper we present representative results from two gratings with period d = 600 nm and groove width w = 150 nm: a gold grating with h = 300 nm and an aluminium grating with h = 400 nm.
Theory
Throughout this paper we will distinguish direct grating scattering modes GM 
θ and d being the incident angle and the grating period, respectively. The corresponding diffracted energy is labeled
is the m th surface plasmon polariton at the grating surface. Its dispersion can be calculated by
with k SM the in-plane component of the SM (m) wave vec- 
h being the grooves depth.
Pure SM and CM modes exist only under special conditions. In most cases the modes are of hybrid nature with contributions of at least two modes. Often one contribution is, however, dominant. For the sake of clarity the dominant mode will be used to label the actually hybrid mode.
The mode coupling and the dispersion of the resulting hybrid modes cannot be describe by Eq. (1)- (3) . For this reason, we apply a straightforward modal model for the interpretation of the experimental results [19] . In this approach the electromagnetic field above the grooves is describe by a Rayleigh expansion ( Fig. 2: region I) . Inside the grating grooves (region II) the field is developed into a set of guided or evanescent eigenmodes. The air/ metal interfaces at the grating surface and at the bottom of the groves are described in the surface impedance model, whereas the groove walls are supposed to be of perfectly conducting metal.
This model allows to calculate the reflection spectra, the dispersion diagrams and the field and energy flow maps in the vicinity of the grating. The permittivity of gold and aluminium was taken as polynomial fit to averaged literature data [29] . It was shown that the model works very well in the infra-red spectral region [19] . In the visible, the perfect metal approximation becomes, how- 
Gold grating
In the case of the gold grating (Fig. 3) , only the first order cavity mode CM 
Conclusions
Plasmon resonances of sub-wavelength metallic gratings were studied by angle resolved reflection spectroscopy. Surface plasmon modes at the grating surface and cavity modes in the sub-wavelength grooves were evidenced in zero order spectroscopy dispersion diagrams. Lower surface plasmon modes at the metal-silica interface below the metal film were observed. The coupling of surface and cavity modes was investigated by zero and m = −1 order reflection diagrams. It was shown that the latter is useful to affirm and complete and the information of the zero order ones.
